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There is a study of coherent perfect absorption (CPA) in composite medium (CM) which is
made of metal-dielectric composition. The CM, an orthorhombic shaped slab, is illuminated by
two identical Gaussian beams (GB) incident at equal angle of incidence and focused on the two
interfaces between wall of slab and air from opposite side. It has determine the necessary conditions
required for CPA and shows that perfect CPA is possible with GBs. Author also shows broader
beams exhibit more absorption than comparatively tightly focused beams.
I. INTRODUCTION
In recent years there is considerable interest in co-
herent perfect absorption (CPA) [1–7], super scattering
(SS) and critical coupling (CC) [8–11] due to its poten-
tial applications in different key areas. A closer look at
CPA reveals its origin as complete destructive interfer-
ence and critically coupled, when both the intersecting
waves have the same amplitude, while their phases differ
by a value of pi or it’s odd multiple i.e. ∆Φ = (2n+ 1)pi.
The higher orders are considering for multiple reflection
and transmission in multi-layered system. Such features
were discussed [5, 6] in recent publications and here we
ware discuss some more fundamentals which has various
possibilities for a metal-dielectric homogeneous composi-
tion [16, 17] slab were investigated as composite medium
(CM). It was shown that different possible solutions ex-
ist even in presence of dispersion with a minimal level
of losses (essential for having CPA). However most of
the studies on CPA (theories and experiments) till date
address only plane waves, while the usual laser sources
in the laboratory give out Gaussian beams as output.
It is thus necessary to investigate whether CPA like ef-
fects persist for such Gaussian input beams. In this pa-
per I address these issues. Replacing the plane wave by
a Gaussian beam brings the several complications asso-
ciated with the angular spectrum decomposition of the
beam. For a broad beam, it is shown that both the inci-
dent beams can be absorbed almost completely leading to
near-null reflection and transmission (or near null scatter-
ing). This is quite expected since a broad beam is fairly
close to the plane waves. For a tightly focused beam,
however, the angular divergence of the propagating k-
vector, which are the inheritance plane wave components
of the beam increases. As a consequence the reflected
and transmitted beams can be highly distorted and the
destructive interference for the spatial components is far
from perfect. These results are infinite scattering defeat-
ing the spirit of CPA. The organization of the paper is
as follows. In first section, there are description of the
system and the illumination geometry. Here, I include
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FIG. 1. Two identical Gaussian beams focus on interface of
wall of CM and air. Here, rL, tL, rR and tR are reflection
and transmission coefficient of left and right side respectively.
The direction of un-prime, prime & double-prime coordinate
system as shown in the figure.
the outline of all necessary steps for the angular spec-
trum decomposition of the Gaussian beams. Assuming a
certain polarization state (i.e. s-polarization) and calcu-
lating the reflected and transmitted spectra for both the
incoming beams. And inverse Fourier transforms lead to
the output profiles for the scattered light. Numerical re-
sults and discussion are presented in next section. And
the last section contains a summary of main results and
conclusions.
II. FORMULATION & ILLUMINATION
GEOMETRY
It is considered, two identical Gaussian beams, incident
from opposite sides of CM slab at the same incidence
angle θ with the z axis (oriented along the normal to the
flat surfaces of a CM or CPA medium) (Fig. 1) and z′ &
z′′ axis. The CPA medium consists of a metal-dielectric
composite layer of thickness “d” and is assumed non-
magnetic. The x − z plane at z = 0 and z = d are the
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2plane of incidences which are the two interfaces of the
CPA medium. Henceforth, author uses the label L and
R for left and right propagating wave incident from left
and right side respectively, so that the resulting reflected
and transmitted waves are denoted as rL, rR, tL and
tR respectively. Thus the total scattering amplitude at
the interface z = 0 is given by rL + tR. This must be
same as the total scattering amplitude at the interface
z = d given by rR+tL; since the medium of incidence and
emergence are the same due to symmetry of the structure
implies rL = rR and tL = tR. In the next section we have
discuss the characteristics of CM. CM is homogeneous
FIG. 2. First, second and third row of the figure are represent
the absolute, real and imaginary values of permittivity of re-
spective medium. First and second column shows gold’s (Au)
and silica’s (SiO2) permittivity respectively. Third, fourth
and fifth column represent dispersion characteristics of CM
in the optical region when volume fractions are (fm =) 0.002,
0.006 and 0.08 respectively.
mixture of metal and dielectric. Here, it is made of gold
(Au) and silica (SiO2). The optical constant of gold [21]
and dielectric [20] is interpolated [19] and calculated the
permittivity for all wavelengths in the optical region. In
figure 2 with respect to wavelength the absolute, real and
imaginary value of permittivity for metal, dielectric and
CM with different volume fraction (fm) was plotted. To
find the effective dielectric function or the permittivity
of CM, the Bruggeman effective medium theory (BEMT)
[16, 17] is being used; which is state as follows.
 = 14{(3f1 − 1)1 + (3f2 − 1)2
±
√
(3f1 − 1)1 + (3f2 − 1)2 + 812} (1)
Where, 1, f1, 2 and f2 = (1 − f1) are permittivity
and volume fraction of metal and dielectric respectively.
Here, I have shown in the fig 2, characteristic changes in
CM in different volume fraction (fm = 0.002, 0.006 and
0.08) of gold (Au) in the range of 300 to 900 nano-meters,
where, the absolute, real and imaginary of permittivity
of CM can seen.
The CM is illuminated from both side by two identi-
cal Gaussian beam sources with equal - intensity, beam
spot, wavelength and angle of incident on the CM. For I
choose three Cartesian coordinate system, denoted as un-
prime, prime and double-prime axis as in the fig 1. There-
fore the transformation matrix at (x, y, z) = (0, 0, 0) and
(x, y, z) = (0, 0, d) are as follows.x′y′
z′
 =
cos θ 0 − sin θ0 0 0
sin θ 0 cos θ
xy
z
 (2)
x′′y′′
z′′
 =
 cos θ 0 sin θ0 0 0
− sin θ 0 cos θ
 xy
z − d
 (3)
Then the equations of two such Gaussian beams are prop-
agating along z′ and z′′ axis are represented as follows.
E(x′(x, z); z′(x, z)) =
w0
w(z′)
e
x′2
q′ eik0z
′
e−iη(z
′) (4)
E(x′′(x, z); z′′(x, z)) =
w0
w(−z′′)e
x′′2
q′′ e−ik0z
′′
e−iη(−z
′′)(5)
Where the beam parameters are 1q′ =
1
w2(z′) +
ik0
2R(z′)
and 1q′′ =
1
w2(−z′) +
ik0
2R(−z′) . By definition, irre-
spective of prime or double prime coordinate, the
basic beam elements are wave vector, k = 2piλ ; beam
waist size, w2(z) = w20(1 +
z2
z20
); radius of curvature,
R(z) = z(1 +
z20
z2 ); Rayleigh range, z0 = ω
2
0
pi
λ ; Gouy
phase, η(z) = tan−1( zz0 ).
For simplicity, we assume that the amplitude E fields
in the beams, have a Gaussian spatial distribution only
in the plane of incidence, along the axis perpendicular to
the direction of wave propagation and are independent of
the coordinate perpendicular to the plane of incidence.
As there is well known, for a paraxial Gaussian beam
profile spreading along x′ & x′′ axis, the wave front of
the beam no longer remain planar but acquire a radius
of curvature R(z′) and R(z′′) at distance z′ and z′′ re-
spectively away from the beam waist (Located at z′ = 0
and z′′ = d). In other words the Gaussian beam can
be regarded as a collection of plane waves of slightly dif-
fering (about a central) wave vector. Thus the angular
spectrum representation of the Gaussian beam are of the
form for E(x′(x, z); z′(x, z)) and E(x′′(x, z); z′′(x, z))
Eˆ(Kx′ ; z
′) =
1√
2pi
∫ ∞
−∞
e−iKx′x
′
dx′E(x′; z′) (6)
Eˆ(Kx′′ ; z
′′) =
1√
2pi
∫ ∞
−∞
e−iKx′′x
′′
dx′′E(x′′; z′′) (7)
After substituting eq (2), eq(4) in eq(6) and eq(3), eq(5)
in eq(7) one can reach into following equation.
Eˆ(Kx; z) =
w0√
2pi
∫ ∞
−∞
dxei(k0 sin θ−Kx)x
e
x2 sin2 θ
q e−iη(x sin θ)
w(x sin θ)
(8)
The incident beams are focused at the interfaces (z =
0 and z = d). The above angular spectrum beam be-
come nothing but infinite number of plane wave which
we numerically evaluate. Then each and every such plain
3waves goes through Fresnel’s reflection and transmission
coefficient formulas; which gives reflected and transmit-
ted amplitudes at z = 0 and z=d or at the interfaces.
Then, added up of one side scattering amplitude (SA) i.e.
reflection amplitude with either side transmitted ampli-
tude. At last, inverse Fourier transformation of SA gives
the actual beam profile which is comes out which can be
written as
E(x; z) =
1√
2pi
∫ ∞
−∞
[SA of Eˆ(Kx; z)]e
iKxxdKx (9)
The angular spectrum decomposition of the Gaussian
beam using Fourier transformation leads to infinite num-
ber of plane wave keeping the profile same, because
Fourier transformation of a Gaussian is a Gaussian. Each
decomposed plane wave obeys Fresnel’s reflection and
transmission formalism [22]. So each of decomposed
beam wave is multiplied by the corresponding reflec-
tion and transmission coefficient. Thereafter an inverse
Fourier transform leads to the reflected and transmitted
beam profile at z = 0 and z = d respectively.
III. CALIBRATIONS, NUMERICAL RESULTS
AND DISCUSSIONS
The CM (nonmagnetic) is taken to be a gold dielectric
composite layer of thickness d (= 5µm). The effec-
tive dielectric constant of the composite is calculated
using Bruggmann effective theory using the following
parameters; a filling factor f1 = 0.004088 for gold whose
FIG. 3. From first column of figures states at 45o angle of
incident, Second column of figures states at f1 = 0.0040884
(unit less) volume fraction and third column of figures states
at λ = 562.4 nm wavelength maximum absorption observed
with plain wave [5].
dielectric constant 1(= −6.4552 + 1.9896i) at a discrete
wavelength, λ = 562.4 nm which is taken from Johnson’s
and Christy’s [21] experimental data’s interpolating
result. The dielectric constant of the dielectric (silica)
is, 2 = 2.25. The thickness of the slab d = 5µm. The
calculated permittivity of CM is CM = 2.3225+0.0562i.
An important aspect is to determine of the angle of
incidence and the wavelength of the incident fields at
which maximum absorption is observed. If one can look
into figure 3, I have taken individual observation for [5]
angle of incident (45o angle), volume fraction of CM
(Gold and Silica) f1 = 0.0040884 and wavelength of two
monochromatic infinitely stretched plane wave λ = 562.4
nm fall into CM from opposite side. It is observed,
that about 10−8 times scattering amplitude came out
comparing to the incident amplitudes. While taking
simultaneous observation, the remaining parameters
are taking constant. Now, in the next para, replac-
ing the plane waves with Gaussian beams as state follows.
Two identical Gaussian beam both having minimum
beam spot size w0 = 200 µm, wavelength λ = 562.4 nm
focused on the wall of the slab of CM, is propagating
along z′ and −z′′ axis have an incident angle 45o
and −45o with z axis respectively. In the numerical
calculations Kx =
2pi
∆x and ∆x = 4
w0
n , where n = 2
13
is taken. In the figure 4(i) is the output or resultant
FIG. 4. (i)Output or resultant beam profile when two iden-
tical Gaussian beam focused on the slab from opposite side
at 45o angle of incident and 562.4 nm wavelength beams. (ii)
Phase change along the output beam profile. (iii)Incident and
reflected beam profile when the beam is sinning from one side.
(iv)Incident and transmitted beam profile when the beam is
sinning from one side
beam profile, which can also called scattering amplitude
when two identical Gaussian beams (λ = 562.4 nm,
d = 2.25, w0 = 200 µm, d = 5 µm and f1 = 0.0040884)
focused from the opposite side on CM. One can see the
scattering amplitude is of the order of 10−5 comparing
to the incident amplitude. The next figure 4(ii) shows
about pi phase change through out the scattering profile
amplitude. In figure 4 (iii) and (iv) are showed reflection
and transmission beam profile respectively with blue
line there are also comparing with incident beam profile
is shown in green dotted line while shining the Gaussian
beam on CM from one side.
In fig 5, it has observed, simultaneously, the output
beam profile as well as it’s corresponding phase while
4changing different physical parameters such as width of
CM (d), volume fraction (f1), wavelength of incident
beam (λ) and beam waist size (w0) respectively when
keeping remaining parameters are in constant.
FIG. 5. Observation of profile while making (i) small changes
of thickness of slab d =4.9997, 5.0000 and 5.0002 µm (ii) small
variation in volume fraction fm =0.0040950, 0.0040884 and
0.0040800 , (iii) small variation in wavelength (λ =562.42,
562.40 and 562.38 in nm) and (iv) variation in beam waist
size (w0 =300, 500 and 900 µm)
In the fig 5(i), d = 4.9997, 5.0000 and 5.0002 in µm are
taken when λ = 562.4 nm,  = 2.25, w0 = 500 µm and
f1 = 0.0040884 keeps as constant. We have observed
by small changing in volume fraction f1 (= 0.0040950,
0.0040884 and 0.0040800) to observe (fig 5(ii)), the re-
sultant beam front keeping d = 5 µm and remaining pa-
rameter constant. In figure 5(iii), making slight change
in wavelength λ = (562.42, 562.40 and 562.38 nm) taken
the observation when d = 5 µm, f1 = 0.0040884 and
remaining parameter constant. And lastly for three dif-
ferent of beam waist size w0 = (300, 500 and 900 µm)
while d = 5 µm, f1 = 0.0040884, λ = 562.4 nm and the
remaining parameters are keeping same.
IV. CONCLUSION AND REMARKS
Here, it is studied coherent perfect absorption (CPA)
in metal (Gold) - dielectric (SiO2) composite medium
(CM) on orthorhombic shaped slab. Here, it is consid-
ered, two identical Gaussian beams incident on the slab
from the opposite end with the same incident angle θ
with z axis. The permittivity of metal and CM is ap-
proximated by Johnson and Christy’s “optical constant
of novel metals” and Bruggeman effective medium theory
respectively. I have shown, CPA can be observed with
Gaussian beams. Here, the central part and the periph-
eral parts of the beam is completely absorbed whereas
the absorption is reduced in the middle parts of the re-
sultant beam’s with incident angle. From the figure 4, we
observed a licking of the order of 4×10−5 with respect to
incident beam amplitude; i.e. minimum 99.9996% is ab-
sorbed of the incident beam due to critical coupling in the
composite medium. CPA can occur even for moderately
focused Gaussian beams which typically are generated in
the laboratories and for utilization in experimental stud-
ies of optical problems. A detailed analytic discussion
of CPA scattering of fundamental Gaussian beam as a
function of different physical parameters of the system
was carried out. These results and observations can use
in many physics and optical problem.
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